To understand deep groundwater flow systems and their interaction with CO 2 emanated from magma at depth in a volcanic edifice, deep groundwater samples were collected from hot spring wells in the Aso volcanic area for hydrogen, oxygen and carbon isotope analyses and measurements of the stable carbon isotope ratios and concentrations of dissolved inorganic carbon (DIC). Relations between the stable carbon isotope ratio (δ 13 C DIC ) and DIC concentrations of the sampled waters show that magma-derived CO 2 mixed into the deep groundwater. Furthermore, groundwaters of deeper areas, except samples from fumarolic areas, show higher δ 13 C DIC values. The waters' stable hydrogen and oxygen isotope ratios (δD and δ 18 O) reflect the meteoric-water origin of that region's deep groundwater. A negative correlation was found between the altitude of the well bottom and the altitude of groundwater recharge as calculated using the equation of the recharge water line and δD value. This applies especially in the Aso-dani area, where deeper groundwater correlates with higher recharge. Groundwater recharged at high altitude has higher δ 13 C DIC of than groundwater recharged at low altitude, strongly suggesting that magmatic CO 2 is present to a much greater degree in deeper groundwater.
7 determined using a CO 2 -gas electrode (CE-2041; DKK-TOA Corp.) with an ion meter 92 (IM-22P; DKK-TOA Corp.) after all the carbonate species in the sample water (9 ml) 93 were converted into CO 2 (aq) by the addition of 1 ml of 10% sulfuric acid. The water 94 samples for measurement of δ 13 C were injected into a glass vial containing phosphoric 95 acid and filled with helium gas. The generated CO 2 gas in the vial was transferred to a 96 mass spectrometer (Delta-Plus; Thermo Finnigan) through pre-treatment equipment of 97 carbon stable isotope of DIC (Gas Bench II; Thermo Finnigan). The obtained δ 13 C is 98 shown using δ notation as ‰-deviation from the value of Vienna-Peedee Belemnite 99 (V-PDB). The oxygen and the hydrogen isotope ratios (δD and δ 18 O) of the water samples 100 were determined using a mass spectrometer (Geo 20-20 model installed at the Stable 101 Isotope Laboratory of IGNS, New Zealand) with the zinc reduction method and CO 2 102 equilibration method. The obtained δD and δ 18 O are shown using  notation 103 as ‰-deviation from the value of SMOW. The analytical precisions are 0.5mg/l for 104 major ions, 0.3mmol/l for DIC, 0.2‰ for δ 13 C, 1.0‰ for δD and 0.1‰ for δ 18 O, 105 respectively. All analytical results are presented in Table 1 . by a groundwater which initially contained only biogenic soil CO 2 . Although the actual 112 mixing process could be more complex, we estimated the simple theoretical mixing 113 curves because the influence of the isotopic fractionation is so small that we can neglect it 114 because of the following reasons: (1) the all saturation indexes for the calcite were less 115 than 1 (Table 1 ; SI is calculated by use of the chemical and physical data of the water), 116 implying no precipitation of calcite, or precipitation at a very low rate when the saturation 117 index exceeds the value of 1 (Dandurand et al., 1982; Alessandro et al., 2007) : (2) we 118 were careful to sample waters degassing. The equation used to compute these theoretical 119 curves is the following:
where C 0 and C g represent DIC concentrations of the initial value and the value after 124 mixing respectively, and where δ 13 C 0 , δ 13 C in , and δ 13 C g denote the stable carbon isotope ratio of the initial value, the value of input gas, and the value after mixing respectively. portrays a clear increase in δ 13 C DIC value with decreasing altitude of the well bottom, 144 although the data plots of Nango-dani area (Fig. 3B) show no such clear tendency.
145
However, as depicted in Fig. 3C , some plots of the Nango-dani area agree in the tendency 146 of that of Aso-dani area. This tendency suggests a groundwater system forming in which 147 more magmatic CO 2 mixes in the deeper groundwater ( Fig. 3C ). Five samples, hatched in reach a definite answer because of insufficient data. In the case where groundwater originates from meteoric water, the recharge altitude 171 of that groundwater can be estimated using the recharge water line: a relation between δD 172 values and mean recharge altitude in the studied area (e.g., Yasuhara et al., 1993; 173 Kazahaya and Yasuhara, 1994; Nakamura et al., 2002; Yasuhara et al., 2002) . In this study, Figure 8 
